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O.T. 
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% 
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Tl 
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The  purpose  of  this  test  was  to  conduct  environmental  tests  at 
+125®F,  5,000  Ft.  altitude  and  107®F*  8,000 JFt.  altitude  and 
95°F  and  with  60"  AT  (from  about  80®F  to  20°F).  These  tests 
were  to  be  completed  per  Test  Request  AD5210-01-501A,  Purchase  ^ 
Description  and  Military  Specification  Mil  Std  705B.  In 
addition,  the  testing  was  to  include  cold  testing  at  -25°F  and 
-50"F  to  meet  the  requirements  of  the  Purchase  Description  and 
Mil-Std  705B.  The  Environmental  tests  were  to  be  completed  on 
Contract  No.  DitAK70-78-0056  while  the  cold  tests  were  to  be 
covered  on  Contract  No.  DAAK70-78-C-0124 . 


SUMMARY 


Model  04045B03  Generator  Set  S/N  0000003  (with  IGT  404-4  Engine 
S/N  T000003)  was  installed  in  Test  Cell  873  for  environmental 
tests  and  Cold  tests  on  June  28,  1979.  Initial  ambient  checkout 
tests  were  completed  June  9  after  correcting  various  test  equip¬ 
ment  problems.  Engine-gen  set  problems  involved  failure  of  two 
reverse  polarity  diodes  and  several  "undervoltage  load  dump" 
incidents.  *L _ — _ _  . 


The  test  results  at  +125°F,  ambient  pressure  conditions  were  as 
follows:  (Addendum  B) 


1.  The  unit  was  running  with  a  blinking  overtemperature  (OT) 
light  at  rated  power,  and  underspeed  tests  could  not  be 
accomplished  without  T6  overtemperature  shutdowns. 

2.  During  the  Regulator  Range  test,  and  all  subsequent  testing, 
the  Texas  Instruments  (T.I.)  recorder  indicated  high  voltage 
regulation  values  while  the  "standard  instrument"  indicated 
values  well  within  limits.  This  was  probably  due  to  hysteresis 
in  the  T.I.  recorder. 

3.  Undervoltage  load  dumps  were  due  to  a  broken  wire  causing 
a  ground  on  relay  K7.  This  was  corrected. 

4.  Only  one  of  one  hundred  five  parameters  was  out  of  limits 
on  the  Indicating  instrument  test  (panel  comparison). 

5.  Transient  conditions  were  out  of  limits  on  12  of  70  para¬ 
meter  conditions  on  the  Frequency  and  Voltage  Regulation, 
Stability  and  Transient  Response  test.  Four  (4)  of  these 
twelve  (12)  parameters  were  voltage  regulation  as  measured 
by  the  T.I.  recorder  which  is  suspected  of  hysteresis. 
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6.  The  overload  relay  could  not  be  set  properly. 

7.  Long  term  stability  was  within  prescribed  limits. 

8.  After  installation  of  parallel  reverse  polarity  diodes, 
the  DC  control  tests  were  successful. 

9.  Battery  charging  tests  successfully  demonstrated  the 
necessary  capability. 

10.  The  Run,  Shutdown,  and  Restart  test  was  successful. 

11.  Overvoltage  relay  operation  was  up  to  5.8  percent  faster 
than  the  .180  second  minimum  limit. 

12.  Voltage  Dip  and  Rise  tests  were  satisfactory. 

During  the  60°aT  test  (Drift)  the  regulated  voltage  and  frequency 
remained  within  prescribed  limits. 

Engine  and  exciter  parameters  performed  as  expected  with 
characteristic  reductions  as  the  ambient  temperature  was 
reduced  (Enclosures  AD5210-00012  and  00013). 

All  testing  at  5,000  feet  altitude  and  107°F  was  accomplished 
with  the  O.T.  light  blinking  at  148.2  KW  (1.21  percent  below 
the  150  KW  rating).  At  one  point  the  power  was  raised  to 
150  KW  and  the  OT  light  was  still  not  on  all  the  time.  The 
tests  at  5,000  feet  altitude  and  107°F  had  the  following  results: 
(Addendum  C) 

1.  On  the  Regulator  Range  test,  all  parameters  were  within 
limits  (based  on  the  standard  instrument  digital  data). 

2.  The  results  of  the  Frequency  and  Voltage  Regulation,  Sta¬ 
bility  and  Transient  Response  test  indicated  nine  (9) 
frequency  transient  parameters  plus  five  voltage  regulation 
(from  TI  recorder)  were  out  of  limits. 

3.  On  the  indicating  instrument  test  at  9,000  feet  and  107°F, 
eight  (8)  voltage  readings  (at  79  and  100  percent  load) 
were  erroneous  beyond  allowable  limits. 

4.  Testing  could  not  be  done  at  rated  load,  underspeed 
conditions. 
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The  testing  at  8,000  feet  altitude  (Addendum  D)  with  rated 
power  at  138  KW  provided  the  following  results: 

1.  The  errors  in  voltage  readings,  on  the  indicating 
instrument  test,  were  on  seven  (7)  of  the  same  eight 
(8)  that  were  erroneous  at  5,000  feet  and  107°F. 

2.  The  Regulator  Range  test  results  were  good,  based  on 
the  standard  instrument  data. 

3.  Testing  could  not  be  accomplished  at  underspeed,  rated 
load  conditions. 

4.  During  the  Frequency  and  Voltage  Regulation,  Stability 
and  Transient  Response  test,  seven  (7)  frequency  transient 
parameters  and  three  (3)  voltage  regulation  values 
(based  on  T.I.  recorder)  were  out  of  limits. 

An  overtemperature  shutdown  was  demonstrated  with  125°F  conditions 
in  the  test  chamber.  The  engine  reached  the  acceleration  temp¬ 
erature  limit  and  the  O.T.  shutdown  limit  at  about  the  same  time. 
But,  due  to  the  OT  shutdown  delay,  the  engine  decelerated  to  an 
underfrequency  trip  condition,  then  shut  down  at  the  same  time 
it  was  unloaded. 

During  the  preparations  for  -25°F  Cold  testing  a  starter  solenoid 
failure  caused  extended  motoring.  This  motoring,  in  turn, 
appeared  to  have  caused,  due  to  inadequate  lubrication,  a 
gasifier  pinion  gear  bearing  failure. 

After  the  unit  was  repaired,  three  tests  were /attempted  unsuccess¬ 
fully  after  24  hour  soak  (each)  at  -25°F.  Testing  on  a  field 
engine  indicated  that  reduction  in  the  clutcn  cooling  oil  flow 
allowed  successful  starts  at  extreme  cold  conditions.  With  the 
installation  of  a  plug  to  reduce  clutch  cooling  oil  flow,  the 
-25°F  start  and  operation  were  successful.  The  following  results 
were  obtained  at  -25°F:  (Addendum  E) 

1.  The  Regulator  Range  test  results  based  on  the  standard 
instrument  were  within  limits. 

The  only  values  out  of  limits  on  the  Frequency  and  Voltage 
Regulation,  Stability  and  Transient  Response  Test  were 
voltage  regulation  values  (4  places)  based  on  TI  recorder 
data. 
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3. 


The  instruments  on  the  gen  set  were  out  of  limits  on  20 
of  45  voltage  values  (error  as  high  as  3.8  volts  at 
208  volts)  on  the  Indicating  Instrument  test. 

After  the  normal  preparations,  the  -50°F  testing  was  initiated 
with  a  successful  start  and  loading  within  one  minute.  However, 
soon  after  the  loading  occurred,  the  unit  emitted  two  howls  and 
a  loud  "pop."  The  pop  was  apparently  due  to  the  quill  shaft 
failing  as  secondary  damage  when  the  power  turbine  roller  bearing 
failed  (lack  of  lubrication  -  cooling). 

The  engine  was  repaired,  check  run  and  shipped  to  UERADCOM, 

Ft.  Belvoir,  VA.  Further  design  analysis  is  being  accomplished 
to  prepare  future  engines  for  extreme  cold  operation.  No 
corrections  were  made  for  this  problem  in  engine  S/N  0000003. 


RECOMMENDATIONS 


1.  Since  the  P.D.  dated  August  3,  1979,  still  contains  the 
requirement  to  load  to  rated  load  in  one  minute,  further 
cold  tests  should  be  conducted  (prior  to  production  units) 
to  insure  that  the  changes  for  extreme  cold  operation  are 
satisfactory.  A  Purchase  Description  change  should  be 
considered. 

2.  The  average  engine  must  be  improved  to  insure  satisfactory 
performance  at  altitude  or  hot  day  and  underspeed  (388  Ez) 
conditions. 

3.  Improvements  in  the  overload  relay  and  main  circuit  inter¬ 
rupter  should  be  proven  before  production  (first  Article) 
test  are  initiated. 

4.  The  frequency  adjustment  range  should  be  extended  so  the 

adjustment  is  not  marginal  for  the  tests  requiring  ±3 
percent  adjustment.  “* 

5.  Serious  consideration  should  be  given  to  the  possible 
problem  of  icing  or  blockage  of  the  air  inlet  particle 
separators  (filters).  One  possibility  might  be  to  increase 
the  compressor  discharge  bleed  flow,  at  an  unloaded  condi¬ 
tion,  to  warm  up  and  defrost  the  filters. 


6.  Since  the  PD  (August  3,  1979)  has  not  changed  relative  to 
the  frequency  transients,  significant  changes  are  required 
to  meet  the  limits.  Additional  testing  should  be  accom¬ 
plished  to  prove  those  fixes.  This  also  may  require  a 
P.D.  change. 


DISCUSSION 

Factual  Data 

Generator  Set  Uodel  No. 

Generator  Set  Serial  No. 

Generator  Set  Builds 
Engine  Model  No. 

Engine  Serial  No. 

Engine  Builds 
Test  Stand  No. 

Fuel 

Lube  Oil 

Test  Started  -  Date 

-  Clock  Time 

-  Gen  Set  Time 

-  Engine  Time 
Test  Ended  -  Date 

-  Clock 

-  Gen  Set  Time 

-  Engine  Time 

Test  History 

Generator  Set  Model  NO.  04045B03,  Serial  No.  0000003  was  installed 
(beginning  June  28,  1979)  in  Test  Cell  873  following  Quality 
Conformance  Tests  (ETR  79D63)  and  subsequent  "purchase"  by  the 
Army.  The  instrumentation  list  (Addendum  F)  includes  a  list  of 
parameters,  types  of  instrumentation,  readout  equipment,  etc. 

All  instrumentation  was  maintained  in  proper  Quality  Control 
throughout  the  test. 

Photographs  350363  through  350369  show,  respectively,  the  control 
room,  TV  monitor,  load  banks  (see  7/5/79  below)  generator  set 
installation,  battery  cart  and  fuel  system.  The  installation 
was  completed  July  3,  and  the  initial  check  out,  at  ambient 
conditions,  was  started.  The  following  chronology  provides  the 
pertinent  events  during  this  initial  checkout: 


04045B03 

0000003 

4-6 

GT404-4 

T000003 

6-8 

873 

DF2/DFA 
MIL-L-7808 
6-28-79 
29.6  Hrs. 
29.6  Hrs. 
76.0  Hrs. 
9/24/79 

150.9  Hrs. 

142.9  Hrs. 
196.1  Hrs. 
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Gen  Set  Hrs. 

29.6 

30.1 

30.2 

30.6 

33.5 

34.3-34.5 

34.5 

34.5-34.6 

34.7 

35.2 


Event 


Initial  fire-up. 

Had  a  "low  fuel"  shutdown.  Found  the 
test  equipment  fuel  valve  wired  wrong 
and  the  CB-2  circuit  breaker  open. 

Corrected  the  wiring. 

Replaced  a  shorted  K-5  relay  which  was 
allowing  the  set  fuel  pump  to  run 
continuously. 

Had  low  T4  on  f ire-up~found  the  T1 
temperature  sensor  failed.  Replaced 
the  sensor  with  new  part  (Same  P/N). 

Had  T1  and  T4  fluctuations  and  fluctuations 
on  generator  set  voltage.  Found  the  DC 
control  relays  in  the  load  bank  "chattering 
Repaired  the  chattering  by  supplying 
separate  28V  supply  to  the  relays.  Also 
added  a  grounded  shield  to  the  external 
voltage  adjusting  potentiometer. 

On  five  (5)  occasions,  the  undervoltage 
(U.V.)  relay  operated  to  open  the  main 
contactor  (CB5)  and  drop  the  load.  In 
addition,  the  load  bank  was  not  supplying 
sufficient  load  (150  KW)  because  of  the 
voltage  drop  due  to  the  long  load  lines. 

Connected  a  second  load  bank  to  provide  a 
complete  150  KW  0.8  power  factor  (pf) 
load. 

Had  2  more  U.V.  relay  "dumps"  while 
Instrumentation  was  indicating  208  volts 
on  all  phases. 

Found  and  corrected  a  "short"  at  the  K-7 
relay.  Did  not  correct  the  U.V.  light 
problem. 

Overload  relay  dropped  the  load— increased 
the  setting  by  1/4  turn  clockwise. 


Date 


7/7/79 


7/9/79 


y- 
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Gen  Set  Hrs.  Event 


35.5  Experienced  fluctuations  in  T4 — appear 

to  have  exhaust  recirculation.  Wrapped 
exhaust  stacks.  Had  to  add  a  fan  to 
assist  the  exhaust  up  the  stack. 


36. 3  Test  equipment  emergency  stop  switch  did 

not  shut  the  unit  down  when  checked. 
Found  the  cable  connector  only  partially 
plugged  in. 

37.4-40.2  Completed  indicating  instrument  test 
(PD27  -  MIL-STD-705 ,  Method  513.1)  at 
ambient  conditions  (See  Test  Results). 


40.2  Battery  charging  alternator  would  not 

charge  (hooked  up  to  a  load  bank  only) 
until  excited  from  battery  (+)  terminal. 


42.5  Completed  battery  charging  test.  Started 

D.C.  Control  test  per  MIL-STD  705B  method 
655).  Batteries  upstairs  would  not  crank 
the  unit,  apparently  due  to  low  charge 
and  extremely  long  (and  small)  battery 
leads.  Used  the  auxilliary  set  in  the 
special  battery  cart  (See  Photo  350368). 


42.6 


43.0 


43.3 

44.9 


During  the  reverse  polarity  check  (in  the 
D.C.  Control  test)  the  reverse  connection 
resulted  in  failure  of  the  special  diode. 
(See  Photo  348568  for  a  typical  reverse 
polarity  system) .  A  battery  post  was 
damaged  also,  during  an  attempted  battery 
hookup  before  the  diode  was  replaced. 

Installed  a  new  diode  (Rev.  polarity)  and 
replaced  the  damaged  battery.  Attempted 
a  reverse  polarity  connection  and  again 
failed  the  system  diode.  Replaced  the 
diode  again. 

Successfully  completed  DC  Control  test 
(MIL  STD  705B,  method  655.1),  except  the 
reverse  polarity  test. 

Completed  rerunning  the  Battery  Charging 
test  per  PD  paragraph  4.4.1  (See  test 
results) . 
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Date 

7/10/79 


7/11/79 


7/12/79 


Gen  Set  Hrs.  Event 


44.9 


47.5 


51.4 

51.6 


54.4 

57.3 


60.5 


Start  of  125°F  Testing 

NOTE:  The  test  chamber  open  tip  and  oil 
bath  thermocouples  plus  the  engine  oil 
temperature  were  raised  to  125°+g°F 

before  starting  each  day's  testing.  All 
testing  then  was  conducted  at  125-130°F 
chamber  temperature. 

The  frequency  adjust  test  at  125°F  (MIL- 
STD  705B ,  Method  511.2)  was  completed 
through  the  stabilization  and  max  speed 
adjustment.  However,  when  an  attempt 
was  made  to  reduce  frequency  to  the  388  Hz 
setting,  the  unit  shut  down  due  to  T6 
(turbine  outlet)  overtemperature  when 
frequency  was  reduced  to  395  Hz.  (See 
"Test  Results”).  Had  a  high  T4  spike  on 
the  next  fire-up. 

The  Regulator  Range  test  (Method  511.1) 
was  started  but  U.V.  relay  load  "dumps" 
occurred  5  times  and  the  test  was  aborted. 

One  (1)  additional  U.V.  relay  load  dump 
occurrence  preceded  the  discovery  of  a 
broken  wire  which  was  intermittently 
grounding  the  relay  (K7).  This  broken 
wire  was  repaired. 

The  Regulator  Range  Test  (PD#29,  MIL-STD 
705B,  Method  511.1)  was  completed. 

(See  "Test  Results") 

The  Indicating  Instrument  test  (PD#27, 
MIL-STD  705B ,  Method  513.2)  was 
completed  except  the  150  KW,  0.8  pf  load 
point  at  388  Hz  (underspeed).  This  point 
could  not  be  run  because  of  high  turbine 
outlet  temperatures. (See  "Test  Results") 

Completed  the  Frequency  and  Voltage 
Regulation,  Stability  (short  term)  and 
transit  Response  Test  at  125°E  (PD#17, 
MIL-STD  705B,  Method  511.2*  See  "Test 
Results” 


Date 


Gen  Set  Hrs 


Event 


7/12/79 

7/13/79 

7/16/79 


7/17/79 
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64.0 

75.2 

75.2 

75.8 

77.1 

78.4 

78.6 

80.3 

81.1 

83.4 


Completed  overload  relay  test  at  125°F 
(PD  paragraph  3.10.3.3  and  relay  print). 

See  "Test  Results." 

Completed  Long  Term  Frequency  and  Voltage 
Stability  Test  at  125°F  per  PD#20  and 
MIL  STD  705B,  method  608.2; See  "Test 
Results. " 

Installed  a  second  diode  in  parallel  with 
the  first  reverse  polarity  diode. 

Had  a  shutdown,  during  the  D.C.  Control 
test,  when  batteries  were  disconnected. 

Found  a  loose  connection  at  the  new 
diode  installation.  Shorted  the  alternator 
diode  trio  during  alternator  adjustment. 

Replaced  the  diode  trio  assembly. 

Completed  DC  Control  test  at  125°,  per 
PD#37  and  MIL  STD  705B,  method  655.1, 
including  the  reverse  polarity  battery 
hookup.  See  "Test  Results." 

Completed  Run,  Shutdown,  and  Restart 
test  at  125°F  (per  MIL  STD  705B, 

Method  710.1).  See  "Test  Results." 

While  setting  up  for  overvoltage  (OV) 
and  undervoltage  (UV)  tests,  the  external 
resets  appeared  not  to  work  properly. 

Completed  the  "Circuit  Interrupter  -  Over¬ 
voltage  and  Undervoltage  Test"  at  125°F 
per  PD#26,  MIL  STD  705B,  Method  512.3. 

See  "Test  Results." 

During  the  process  of  adjusting  the 

alternator  regulator,  while  running  the 

Battery  Charging  Test  at  125°F,  the  « 

adjustment  was  overtorqued,  failing 

the  regulator.  The  alternator  was 

replaced. 

Completed  Battery  Charging  Test  at  125°F 
per  PD  paragraph  4.4.1.  See  "Test 
Results. " 


■0 .  WIPL  -yftgfcf 4*  A** 


79D87 
Page  10 


Date 


7/18/79 


7/19/79 


7/20/79 


Gen  Set  Hrs.  Event 

86.5  Completed  voltage  dip  and  rise  test  at 

125°F  per  PD  #24,  MIL  STD  705B,  method 
619.2.  See  "Test  Results." 


86.5  Start  of  60°  AT  Test 

96.3  Completed  60° AT  test  from  81°  (stabilized) 

to  21°P  with  stabilization  per  PD  19, 
paragraph  4.4.5. 


See  "Test  Results."  Found  left  rear  T4 
thermocouple  was  not  connected  onto  the 
junction  block.  (Added  one  (1)  quart  of 
MIL-L-7808  oil) 


96.3 


100.4 


103.5 


Start  of  Test  at  5000  Feet  Altitude  &  107°F 

At  107°F  and  5,000  ft.  altitude,  over¬ 
temperature  light  is  blinking  at  148.2  KW. 

Completed  Regulator  Range  test  at  5,000 
ft.  and  107°F  per  PD#29  MIL  STD  705B, 
method  511.1.  Power  was  limited  to 
about  148  KW  because  of  overtemperature 
light  blinking.  See  "Test  Results." 

Completed  Frequency  and  Voltage  Regulation, 
Stability  (short  term)  and  Transient 
Response  test  at  5,000  ft.  altitude  and 
107®F  per  PD#17,  MIL  STD  705B,  method 
608.1.  See  "Test  Results." 


104.8  While  conducting  the  Indicating  Instrument 

test,  lost  the  magnetic  drain  plug 
"continuity*’  (yellow)  light. 

106.0  Completed  Indicating  Instrument  test  at 

5,000  Ft.  altitude  and  107°F  per  PD#27 
MIL-STD-705B ,  method  513.1.  See  "Test 
Results."  Mote:  Could  not  run  388  Hz  with 
148.2  KW  load. 


106.7  Extended  power  to  150  KW  and  obtained 

data  at  400  Hz.  O.T.  light  still  blinking 
with  observed  T4  at  1944°F. 
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e  Gen  Set  Hrs, 
106.7 


108.7 


7/21/79 


108.9 


113.1 


116.6 


117.2 


117.2 


Event 

Start  of  Test  at  8.000  Feet  Altitude 
and  £5uf  (138  ~KW) 

Completed  Indicating  Instrument  test 
at  8,000  ft.  altitude  and  95°F  per 
PD#27,  MIL  STD  705B,  Method  513.1 
with  138  KW  rated  load.  Unable  to 
complete  388  Hz,  rated  load  point. 

See  "Test  Results." 

On  the  first  load  application  of  the 
day,  to  138  KW  (8,000  ft.  and  95°F) , 
the  O.T.  light  stayed  on  steady  with 
1950°F  on  the  chart  (T4  signal  from 
box).  The  load  was  cycled  a  few  times 
and  the  T4  temperature  reduced  to  1935 
with  the  O.T.  light  blinking. 

Completed  Regulator  Range  test,  at 
8,000  ft.  altitude  and  95°F,  per  PD 
#29,  MIL-STD-705B ,  method  511.1.  The 
overtemperature  light  blinked  off  and 
on  during  the  test  at  138  KW  (rated 
power).  See  "Test  Results." 

Completed  Frequency  and  Voltage  Regulation, 
Stability  and  Transient  Response  test,  at 
8,000  feet  altitude  and  95°F,  per  PD#17, 
MIL-STD  705B  method  608.1.  See  "Test 
Results." 

Returned  to  Ambient  Pressure.  125°F 
Conditions.  Completed  overtemperature 
safety  device  test  at  125°  per  PD#40, 
MIL-STD-705B ,  method  515.2a.  After  the 
OT  shutdown,  the  underfrequency  lamp 
stayed  lighted,  even  when  the  main 
switch  was  turned  off.  Checked  over 
external  wiring  and  underfrequency  lamp 
went  out— -did  not  take  positive  corrective 
action. 

Start  of  -25°F  Preparation  and  Testing. 
Cleaned  the  magnetic  drain  plug  of  small 
amount  of  "fuzz." 
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Pate  Gen  Set  Era. 
7/23/79  118.0 


119.1 

119.4 


7/24/79  119.4 


7/25/79  119.4 


Event 

Attempted  start  with  batteries  froa  upstairs- 
no  fire-op  attained  and  voltage  dropped  to 
17.3  volts.  About  5—10  minutes  later  the 
unit  was  found  motoring.  Removed  the 
battery  connector  to  stop  the  unit.  Closed 
the  manual  fuel  shutoff  valve,  hooked  up 
the  set  internal  batteries  and  motored  to 
clear  the  unit  of  fuel  (if  any).  Again 
the  unit  did  not  quit  cranking  and  battery 
cables  had  to  be  removed.  Found  the 
starter  solenoid  contacts  stuck  closed. 
Replaced  the  starter  assembly. 

Experienced  a  magnetic  drain  plug  indica¬ 
tion  (light  and  alarm)  while  conducting  a 
battery  charging  run. 

Checked  magnetic  drain  plug.  Found  sig¬ 
nificant  accumulation  of  larger  chips  os 
magnetic  drain  plug  and  removed  the  unit 
for  disassembly. 

Teardown  4.  BPS  on  Gen  Set 
Tear down  b  ~  bu7  on  Engine 
Disassembly  of  the  generator  set  and  the 
engine  gearbox  revealed  that  the  rear 
bearing  on  the  gasifier  pinion  gear  had 
failed. (See  Photo  350444),  allowing  the 
pinion  to  move  rearward  and  contact  the 
rear  pinion  bearing  support.  The  long 
motoring  period  at  118.0  hours,  probably 
with  inadequate  oil  flow  to  this  bearing, 
appeared  to  be  the  cause  of  the  failure. 

Completed  the  rebuild  of  the  engine  and 
generator  set  and  started  installation  in 
Test  Cell  873.  Replaced  the  anxilliary 
battery  power  receptacle  because  it  was 
burned  during  the  problems  of  7/23/79  at 
118.0  hours. 


7/26/79 


119.5 


Shut  down  two  times  to  clean  "fuzz"  from 
the  magnetic  drain  plug. 
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Date  Gen  Set  Hra.  Event 


120.4 


121.3 

121.9 

7/27/79  121.9 


Recordings  indicated  significant  T4  and 
If  spikes  during  50  percent  load  transients. 
With  the  droop  switch  on,  no  spikes 
occurred.  Ran  a  bench  test  on  the  ECA 
and  could  find  no  difficulty.  Subsequently, 
adjustments  on  load  pulse  during  the 
ensuing  run  appeared  to  correct  the  problem. 

Completed  the  engine-generator  set  checkout. 

Completed  preparations  for  -25°F  start  and 
run.  All  DFA  fuel  in  the  system  was 
processed  through  Army  H20  separator. 

-25°  Cold  Test.  Started  the  24  hour  cold 
soak  at  00:00  o'clock  7/28/79. 

After  16.8  hours  soak  at  -25  to  -30°F  a 
formation  of  white  material  appeared  in 
the  fuel  sample  which  was  visible  in  the 
test  chamber  window.  The  fuel  in  various 
supply  drums  and  in  the  test  chamber  drums 
was  sampled  with  the  following  results: 


Drum  No. 

API 

Pour  Pt  Cloud  Pt 

~TB - 

3  9. 7 

-7fr 

2B 

39.7 

<-70 

-72 

3B 

39.9 

<-70 

-68 

4B 

39.9 

-80 

-68 

SB 

39.8 

-80 

-68 

6B 

39.8 

<-65 

-68 

7B 

39.7 

-70 

-68 

8B 

39.8 

-70 

-68 

9B 

39.9 

-70 

— 

10B 

39.7 

-75 

— 

♦12B 

37.5 

-50/-30 

-4 

♦Test  System  38 . 0 

-45 

-8 

*The  lab  reported  that 

the  sample 

from  12B 

and  from  the 

test  cell 

systems  were  contaminated  with  some  foreign  material. 

When  cooled, 

the  samples  would  form 

a  "frozen" 

network  throughout . 

But  if  these 

samples  were  stirred,  ' 

the  network 

broke  up 

and  disolved 

immediately 
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Date 


Gen  Set  Hrs. 


7/28/79 


122.2 


Event 

The  -25°  cold  test  was  aborted,  the  fuel 
system  cleaned  out  and  rinsed  and  refilled 
with  fuel  from  good  drums.  The  gen  set  day 
tank  was  drained  and  refilled  with 
good  fuel;  fuel  was  pumped  through  the 
engine  system  as  in  fuel  priming  and 
both  fuel  filters  were  replaced  with  new 
clean  filters. 

Completed  a  battery  charging  engine  drying 
run  during  cool  down. 

Started  -25°F  Cold  Soak  at  0600 

Following  the  two  (2)  mandatory  15  second 
motorings,  three  cold  start  (-25°F)  attempts 
were  unsuccessful  because  light-off  which 
occurred  during  quick  fill  were  not  recog¬ 
nized.  The  quick  fill  (fuel  valve)  current 
was  increased  from  85  milliamps  (nominal) 
to  195  ma.  Four  (4)  additional  start 
attempts  were  shutdown  with  "no  light -off' 
or  "failed  sensor"  shutdowns. 

The  cold  auxilliary  batteries  were  connected 
and  two  additional  start  attempts  were  also 
unsuccessful  (The  two  mandatory,  15  second, 
motorings  were  made  before  these  start 
attempts) . 

The  unit  was  motored  to  blow  out  any  excess 
fuel  and  the  start  flow  (fuel)  adjustment 
was  turned  to  "max."  The  auxilliary 
batteries  were  disconnected  and  more  start 
attempts  were  made  with  the  set  batteries. 
During  these  the  diverter  valve  was  pecked 
on,  the  fuel  system  return  hose  was  capped 
off,  and  start  flow  checks  were  made  (100  cc) 

The  nuxilliary  batteries  were  reconnected 
for  one  start  attempt  (also  unsuccessful) 
and  the  warm  auxilliary  batteries  were  then 
moved  into  the  chamber  and  connected  to  the 
unit.  On  the  fourth  attempt,  1320°F  T4  was 
reached  but  the  unit  shut  down  with  an 
overcrank.  The  fifth  attempt  with  warm 
batteries  (the  28th  attempt  in  3  hours, 

42  minutes)  was  successful. 
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Date  Gen  Set  Hrs.  Event 

123.0  Alter  a  battery  charging  run,  the  24  hour 

soak  was  restarted  for  another  cold  start 
attempt.  The  chamber  temperatures  were 
held  at  -25°r. 

7/20/79  123.0  Following  the  two  (2)  fifteen  second 

motorings,  eleven  (11)  start  attempts  were 
unsuccessful.  Had  fuel  on  cc  checks  and 
could  hear  ignition.  Facilities  went 
down  due  to  surged  unit. 

Found  the  fuel  nozzle  had  a  plugged  pilot 
orifice— blew  it  out  with  dry  nitrogen. 

Two  additional  attempts  with  warm  batteries 
reached  higher  temperatures  but  the  2nd 
of  these  was  manually  aborted  because 
facilities  were  not  flowing  air  and  recir¬ 
culation  was  occurring.  The  -25°F  test 
was  again  aborted. 

7/31/79  123.0  The  fuel  system  components  were  bench  tested 

with  the  following  results: 

Control  Box  -  o  Cold  test — no  affect. 

o  Changed  sensing  to 

recognize  light-off  during 
quick  fill. 

o  Lowered  failed  sensor  shut¬ 
down  from  200°  to  100°F. 
o  Changed  quick  fill  dropout 
from  8  percent  to  12  percent 
speed. 

o  Reset  quick  fill  to  120  ma. 
o  Reset  start  flow  to  standard, 
o  Added  100  ohm  buffer  in  If 
circuit  of  test  connector. 
Fuel  Nozzle  -  Flow  satisfactory 
Fuel  Valve  -  Increased  pressure  relief  valve 
setting. 

Spin  samples  and  cold  samples  of  fuel  did 
not  show  any  indication  of  water.  Fuel 
samples  from  the  primary  fuel  filter,  the 
day  tank,  and  the  secondary  fuel  filter  were 
analyzed  for  water  content  and,  respectively, 
showed  .006,  .005,  and  .006  percent  H20  by 
volume.  The  fuel  specific  gravity  was  .8276 
at  60/60°F. 


*  ^  i-'vU-  -• 
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Date  Gen  Set  Hrs.  Event 

8/1/79  123.0  Started  the  following  action  to  achieve  starts 

on  next  cold  test : 

1.  Circulating  fuel  through  a  chilling/ filter¬ 
ing  system  to  try  to  remove  H20  from 
system. 

2.  Recharging  batteries. 

8/2/79  123.0  Found  Army  supplied  water  separator  had  come 

apart  inside.  Sent  to  the  Instrument  Lab  for 
repair  (This  unit  may  not  have  been  working 
at  any  time!).  Continued  circulating  fuel. 
Reinstalled  the  fuel  system  parts. 

Added  "Prist”  fuel  drying  compound  to  remove 
any  moisture  from  the  engine  system. 

8/3/79  123.2  Completed  a  run  to  "low  fuel  level"  shutdown 

to  run  "Prist"  dried  fuel  through  the  engine. 
Drained  the  remainder  of  this  fuel  from 
the  day  tank  and  replaced  both  fuel  filters. 
All  fuel  in  fuel  system  chilled/ filtered  and 
covered  with  a  dry  nitrogen  purge.  A  fuel 
sample  from  system  checked  39.8  API  and 
.004  percent  H20  by  volume. 

8/3/79  124.1  Completed  a  battery  charging  run  which 

should  also  have  purged  the  remaining  "Prist" 
from  the  engine  system.  Starting  to  cool 
down  for  -25°F  cold  test.  Started  24  hour 
soak  at  17:20  o'clock. 

8/4/79  124.1  Checked  system  -  Gen  set  doors  operated 

satisfactorily.  Fuel  and  oil  samples 
were  clear.  Completed  2  mandatory  15 
second  motorings. 

Attempted  seven  (7)  unsuccessful  starts. 

All  were  shut  down  on  overcrank  with  a  max¬ 
imum  temperature  of  1550°F.  The  quick  fill 
resistor  was  clipped  to  raise  the  quick  fill 
flow  level  but  the  board  collected  frost 
(apparently)  and  three  (3)  subsequent 
attempts  displayed  odd  quick  fill  current 
levels. 

Aborted  -25°F  Test. 

8/6/79  124.1  Removed  ECA  and  T6  control  box  for  bench 

test.  Also  removed  fuel  pump  and  fuel 
valve  for  bench  tests. 
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Date  Gen  Set  Hrs.  Event 

8/7/79  124.1  Removed  fuel  nozzle,  3-way  valve,  2-way 

valve  and  diverter  valve  (plus  lines  and 
bracket)  for  a  "system"  cold  bench  test. 

(See  ETR  79D30  for  the  results  of  the  system 
cold  test. 

8/13/79  124.1  Discovered  a  wire  in  the  Control  Console 

which  had  the  insulation  worn  off. 

8/27/79  124.1  NOTE:  Cold  tests  have  been  conducted,  by 

the  Army,  at  Ft.  Belvoir,  VA;  and  design 
engineering  has  determined  the  probable 
cause  of  the  start  failures  to  be  the 
excess  cold  oil  in  the  clutch  because  of 
the  mandatory  cranks. 

Removed  the  two  paralleled  reverse 
polarity  diodes  and  installed  a  single 
large  diode. 

8/29/79  124.1  Circulating  fuel  through  the  repaired  Army 

separator  and  it  is  now  removing  some  water 
and  other  foreign  material. 

Conducted  a  shaker  test  on  the  control 
console  and  found  the  entire  wiring  panel 
exhibited  significant  resonant  vibration 
at  SO  Hz  (generator  rotational  frequency). 
Repaired  three  shorted  or  broken  wires  and 
provided  improved  protection  for  others  in 
the  control  console. 

8/30/79  124.1  Reinstalled  3-way  and  2-way  fuel  valves. 

Chilling  and  filtering  fuel  in  fuel  system. 

9/4/79  124.1  Installed  a  plug  in  the  clutch  cooling  oil 

passage  to  reduce  clutch  cooling  oil  flow. 
Reinstalled  a  new  fuel  nozzle,  a  replacement 
fuel  pump  and  fuel  valve  and  a  new  diverter 
valve. 

9/5/79  125.3  Completed  check  runs  to  correct  fuel  leaks 

and  to  check  operation  with  replacement 
parts. 

125.5  Completed  battery  charging  and  engine  drying 

run  during  start  of  cooling  cycle. 


ft 
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Gen  Set  Hrs. 
125.5 


127.0 


129.5 


134.5 


137.9 


138.0 


Event 


Started  on  24  hour  soak  at  00:00  o'clock. 
Added  2  quarts  of  oil  to  raise  level  in 
engine  2  qts.  above  full  per  new  level 
requirements. 

-25°F  Cold  Test 

The  unit  fired  successfully  (after  the  two 
motorings)  and  the  first  portion  of  the 
cold  test  (through  the  no-load  engine  oil 
stabilization  run)  was  completed.  While 
running  with  rated  load,  following  the 
engine  oil  stabilization,  the  unit  decel¬ 
erated  and  "dumped"  the  load  on  an  "under¬ 
frequency  trip,"  then  recovered  to  max 
speed.  An  inspection  of  the  engine  revealed 
that  the  inlet  air  filters  were  clogged  with 
frost . 

Attempted  to  brush  off  the  screens  and  blow 
out  the  frost  with  dry  nitrogen. 

Maintaining  -25°F  chamber  temperatures. 

Made  three  additional  runs,  attempting 
(unsuccessfully)  to  keep  the  inlet  filter 
clear.  Finally  removed  the  inlet  filters 
and  installed  filter  shells  only. 

NOTE:  Facilities  had  a  heat  exchange  leak 
allowing  moisture  into  the  cold  system. 

This  was  the  cause  the  icing  and  frost 
formation. 

Completed  Regulator  Range  test  at  -25°F  per 
PD#29,  MIL  STD  705B,  method  511.1.  During 
the  testing  at  150  KW  and  197  volts,  the 
overload  relay  dumped  the  load.  The  test 
was  completed  without  further  problems 
(See  "Test  Results"). 

Completed  frequency  and  voltage  regulation, 
stability  (short  term)  and  transient  response 
test  at  -25°F,  per  PD#17,  MIL  STD  705B, 
method  608.1  (See  "Test  Results"). 

NOTE:  It  was  necessary  to  brush  frost  from 
the  engine  and  generator  air  inlet  screens 
on  occasion  during  the  tests. 

Unit  shut  down  with  "low  fuel."  Added  DFA 
(dried)  fuel  to  system. 
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Date 

9/8/79 


9/10/79 


9/11/79 


Geo  Set  Hrs. 
139.0 

140.5 

140.5 


140.6 

140.6 

140.6 


Event 


While  conducting  the  indicating  instrument 
test,  the  unit  shut  down  for  no  know  cause. 

Completed  the  indicating  instrument  test  at 
-25”F  per  PD#27,  MIL  STD  705B,  method  513.1. 

See  "Test  Results."  Started  warming  the 
test  chamber  and  started  setting  up  for 
-50°F  Cold  Test. 

Completed  setup  for  -50°F  cold  test  with 
the  following  items: 

1.  Set  up  to  add  JP4  fuel  to  the  system 
when  the  DFA  fuel  is  used  up. 

2.  Obtained  new  fuel  and  oil  samples. 

3.  Set  up  for  maintaining  auxilliary 
batteries  at  -25  with  heaters  built  in. 

Completed  run  to  dry  the  engine  while  cooling. 

Start  of  -50°  Cold  Test.  Started  24  hour 
cold  soak  at  0920  o'clock. 

Cold  start  was  completed  at  -50°  and  the 
unit  was  loaded,  within  1  minute  to  rated 
load  (150  KW).  The  following  chronological 
sequence  ended  in  engine  failure: 

Time  (Sec)  Event 

0  Selected  start. 

.35  Quick  fill  <3  180  ma. 

1  Start  of  N1  increase. 

2  Light-off  to  400°F  T4. 

2.4  Off  the  quick  fill  to  about  60  ma. 

7.6  Start  of  rapid  T4  rise  from  450°F. 

14  Start  of  MOP  rise.  If  at  80  ma  and 

starting  to  cut  back— T4  at  1680°F. 

18.3  Control  oil  press  "pegged"  at  500 

psig  +,  MOP  *  10  psig,  If  *  68  ma, 
N1  -  10,500  rpm,  T4  -  1800°F. 

20.7  Control  oil  press  below  500  psig. 

21.4  Start  of  increase  in  N2. 

38.1  Main  oil  press  (MOP)  *  130  psig 

at  maximum  point. 

40.0  If  cut  back  to  zero— awaiting 

synchronous  speeds. 

Start  of  accel  -  Nl  •  26,000  rpm, 

N2  ■  2350  rpm. 


41.0 


Date 


Gen  Set  Era 


Event 
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Time(Sec)  Event 


43.0  N2  -  3500,  N1  -  40,  500,  If  cut 

to  zero.  T4  decreasing,  frequency 
-  449  Hz. 

46  N1  back  to  35,000  rpm,  N2  back  to 

2650  rpm,  start  of  clutch  lock-up 
and  increase  in  If. 

48.4  400  Hz  steady,  T4  *  970°F,  clutch 
pressure  ■  130  psig,  MOP  •  100  psig, 
control  oil  press  •  215  psig. 

60  Load  to  150  KW,  .8  PJ.,  Max  T4  - 

1550°F,  2  Hz  dip  in  frequency, 
recovery  to  403  Hz. 

70  Temperature  increase  from  1400°  to 

1590°  with  slow  speed  decrease  to 
386  Hz  -  Howl  from  Unit. 

71.6  386  Hz  starting  to  recover. 

74.4  Recovered  to  406  Hz,  T4  dropped  to 

1400°F. 

76.2  T4  increase  to  1550°F  with  howl. 

Speed  decreased  to  398  Hz. 

78.7  T4  dropped  to  1450°F  and  speed 
recovered  to  406  Hz. 

86  Unit  emitted  a  loud  "pop."  T4  went 

to  1920°F  and  unit  was  manually 
shut  down. 


The  generator  set  and  engine  were  disassembled  to  assess  the  failure 
damage.  The  failure  and  secondary  damage  are  shown  on  Photos  351421 
through  351439  and  351525. 


Photographs  351430  and  351432  picture  the  failed  power  turbine  roller 
bearing  which  was  apparently  the  primary  failure  due  to  lack  of 
lubrication.  The  other  photographs  depict  secondary  damage  but 
special  interest  should  be  taken  in  the  gasifier  front  (Photo  351429) 
and  rear  (Photo  351427)  ball  bearings  which  had  extreme  distress  on 
one  side  due  to  the  heavy  activity  at  the  quill  shaft  which  finally 
failed  at  the  seal  (Photo  351424)  which  runs  in  the  bushing  located 
in  the  aft  end  of  the  power  turbine  (Photo  351426). 
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Following  the  replacement  of  parts,  the  engine  was  repaired  and 
was  check  run  on  test  stand  887.  Several  problems  and  significant 
events  ensued  as  follows: 


Date  Bngine  Hours 
9/17/79  185.6 

185.8 

185.9/186.5 
9/18/79  190.0 

191.7 

193.7 


Event 

Had  to  rework  compressor  cover  pilot  ( . 006 
inch  too  small)  to  install  the  inlet 
adapter.  Start  flow  checks — 40  and  66  cc's. 

Obtained  vibration  signatures  which  showed 
predominantly  50  Hz  (output  rotatioial)  and 
2500-3150  Hz  (output  gear  tooth  mesh 
frequency).  All  levels  were  within  limits 
(AD5210-00006  thru  00008). 

Had  two  magnetic  drain  plug  indications. 
Plugs  were  cleaned  of  fuzz. 

Replaced  the  P/N  23000974  gasifier  oil 
transfer  cap  to  stop  an  air  leak  at  the 
flange.  Flange  was  on  the  old  one. 

Discovered  T4  thermocouple  guide  tubes  were 
not  in  the  proper  positions.  Reinstalled 
them  properly. 

Completed  engine  check  out.  See  "Test 
Results. " 


During  the  engine  repair  and  test  period,  this  buildup,  stiffeners 
were  installed  in  the  generator  set  control  console.  The  engine 
was  reinstalled  in  the  generator  set,  and  on  September  20,  1979, 
the  generator  set  (S/N  0000003,  Buildup  #6)  was  reinstalled  on 
Test  Stand  873  for  a  final  checkout  prior  to  shipment  to  the  Army. 

The  unit  was  checked  out  through  the  speed  and  power  range,  parallel¬ 
ing  systems  were  checked,  load  sensing  was  checked  at  3.0  volts 
and  the  Delco  monitor  was  checked  (minor  adjustments)  for  agreement 
with  the  standard  instrument.  The  exhaust  covers  were  installed 
and  functionally  checked.  Following  the  generator  set  final  check¬ 
out,  a  shaker  test  was  conducted  indicating  that  the  added  stiffeners 
had  significantly  reduced  the  50  Hz  vibration  in  the  wiring  panel 
and  adjacent  control  console  components.  (See  ETR  79D65.) 
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The  generator  set  S/N  0000003  was  prepared  for  shipment  (including 
repainting)  and,  on  September  24,  the  unit  was  shipped  to  MERADCOM 
Ft.  Belfoir,  VA.  The  following  additional  items  were  included 
in  the  shipment:  (The  unit  oil  and  fuel  systems  were  full,  the 
batteries  disconnected  and  circuit  breaker  open.) 

1.  One  box  of  extraneous  load  bank  instrumentation  parts. 

2.  Exhaust  (engine  and  generator)  ducts  and  supporting  structure. 

3.  Load  bank  that  had  been  used  for  extra  loading  on  this  test 
and  for  all  QC  tests. 

Test  Results 


Prior  to  the  start  of  the  environmental  tests,  several  of  the 
required  tests  were  run  to  check  the  unit  and  test  techniques  at 
ambient  conditions. 

The  Indicating  Instrument  test— PD#27  (513.1)  data,  tabulated 
on  Addendum  A,  pages  1  and  2  indicated  phase  to  phase  voltages 
were  out  of  limits  at  the  following  conditions: 

1.  Phase  2-3  with  75  percent  load  at  388  Hz  and  400  Hz  frequency. 

2.  Phase  3-1  with  75  percent  load  at  388  Hz,  400. Hz,  and  412  Hz. 

3.  Phase  2-3  with  100  percent  load  at  388  Hz. 

4.  Phase  3-1  with  50  percent  load  at  388  Hz.  ^ 

5.  At  100  percent  load  and  412  Hz  frequency,  gen  set  data  were 
nc.t  taken. 

The  Battery  Charging  test  at  ambient  conditions  per  paragraph  4.4.1 
was  completed  and  the  results  are  plotted  on  Enclosure  AD5210-00009. 
These  curves  indicate  good  regulation  from  minimum  current  to  over 
60  amps  with  about  0.2  volts  drop  at  the  higher  loads.  (See  results 
of  test  after  D.C.  control  test.)- 

The  D.C.  control  test  was  attempted  three  times.  On  the  first  two 
tests,  the  reverse  polarity  test  resulted  in  a  failed  reverse 
polarity  system  diode.  On  the  third  test,  the  reverse  polarity 
test  was  deleted  and  the  remaining  results  were  as  follows: 

1.  There  were  no  apparent  operational  problems  resulting  from 
disconnecting  the  batteries. 


i 
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2.  There  were  no  voltage  spikes  (on  the  oscillograph  voltage 
records)  at  any  time. 

3.  With  28.4  initial  DC  volts,  the  following  changes  occurred 
when  the  batteries  were  disconnected: 

3.1  T4  temperature  decreased  from  1690°F  to  1659°F  appar¬ 
ently  due  to  dropping  the  battery  charging  load. 

3.2  DC  voltage  increased  from  28.4  volts  to  31.6  volts 
for  the  same  reason  (See  Battery  Charging  Test  below.) 

3.3  Exciter  current  increased  from  2.287  amps  to  2.322  while 
exciter  voltage  increased  from  7.047  to  7.212  volts. 

3.4  Frequency,  load,  AC  voltages,  AC  currents  and  other 
parameters  did  not  change  significantly. 

3.5  Voltage  and  frequency  bandwidths  remained  well  below 
limits  at  0.2  and  0.1  percent  respectively. 

4.  With  25.9  initial  voltage  setting,  the  following  changes 
resulted  from  disconnecting  batteries: 

4.1  T4  temperature  dropped  from  1652°F  to  1640°F. 

4.2  DC  control  voltage  increased  from  25.9  to  28.0  volts. 

4.3  DC  current  dropped  from  4.4  amps  to  4.0  amps — reason 
unknown . 

4.4  Exciter  current  increased  (2.263  to  2.318  amps)  while 
exciter  voltage  increased  (7.120  to  7.429  volts). 

4.5  No  other  parameters  snowed  significant  change. 

4.6  Bandwidths  remained  at  about  0.2  and  0.1  percent  for 
voltage  and  frequency  respectively. 

5.  The  test  was  not  run  at  max  voltage  because  of  the  concern 
that  the  reverse  polarity  system  diode  would  be  affected. 

Because  of  discrepancies  in  load;  no-load  voltage  during  the  battery 
charging  and  DC  Control  tests  above,  the  Battery  Charging  test 
was  rerun  and  plotted  on  Enclosure  AD5210-00010.  These  results 
indicate  about  1.5  volts  drop  from  no  load  to  loaded  (60  amp) 
condition.  The  reason  for  the  discrepancy  is  unexplained  unless 
the  reverse  polarity  diode  failures  affected  the  alternator  or 
its  regulator. 
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The  data  lor  the  Frequency  Adjust  testing  at  ambient  pressure 
and  +125°F  temperature  per  MIL  STD  705B,  method  511.2  are 
tabulated  on  Addendum  B,  page  1.  These  data  indicate  that  the 
+3  percent  limit  could  not  be  reached  (411  Hz  max)  and  the 
unit  shut  down  with  a  T6  overtemperature  shutdown  when  frequency 
was  reduced  to  396  Hz  with  150  KW  load.  The  no  load  testing 
was  acceptable  except  411  Hz  was  maximum  frequency  attainable. 

The  test  results  of  the  Regulator  Range  test,  at  +125°F,  per 
PD#29  (511.1),  are  tabulated  on  Addendum  B  page  2.  The  data 
from  the  Standard  Instrument  indicated  regulation  was  well 
within  the  one  (1)  percent  limit.  The  Texas  Instruments  (T.I.) 
recorder  appeared  to  have  some  hysteresis; and  thusly,  results 
from  it  indicated  regulation  in  the  1.91  to  2.72  percent  range. 
This  discrepancy  was  not  resolved. 

The  test  data  from  the  Indicating  Instrument  test  at  +125°F 
temperature  per  PD#27  (513.1)  are  shown  on  pages  3  and  4  of 
Addendum  B.  These  data  indicate  good  agreement  between  the 
generator  set  instruments  and  the  "standard"  with  only  one 
voltage  (3-1  phase  at  400  Hz)  out  of  limits.  The  100  percent 
load  at  388  Hz  could  not  be  run. 

The  data  from  the  Frequency  and  Voltage  Regulation,  Stability, 
and  Transient  Response  Test  at  +125QF  per  PD17  (608.1)  are 
shown  on  pages  5  and  6  of  Addendum  B.  These  data  indicate  that 
the  frequency  overshoots  and  recovery  times  were  out  of  limits 
at  75  and  100  percent  load.  This  is  as  expected,  and  the  proto¬ 
type  units  are  not  required  to  meet  these  limits.  In  addition, 
the  voltage  regulation  was  out  of  limits  at  all  load  changes 
except  25  percent.  These  data  were  transient,  taken  from  the 
T.I.  recorder.  (See  the  discussion  on  Regulator  Range  test, 
above,  for  further  information  on  regulation.) 

Though  eliminated  in  the  Test  Request,  the  overload  relay  test 
per  PD  paragraph  3.10.3.3  was  requested  at  125°F;  and  this  relay, 
as  expected,  failed  to  meet  the  Purchase  Description  (PD) 
paragraph  3.10.3.3  requirements.  The  time  results  were  as 
follows: 


Phase  *Load  Operating  Time 


3(C) 

200% 

1:12,  1:27,  1:27 

(Min: Sec) 

130% 

>  10  minutes 

2(B) 

200% 

1:27,  1:14,  1:14 

(Min: Sec) 

130% 

>10  Minutes 

1(A) 

200% 

1:14,  1:12,  1:13 

(Min: Sec) 

130% 

>10  Minutes 

.*}  »T:- 
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Phase  »Load  Operating  Time 

1,2&3  110%  No  load  release  in  2  hours. 

•The  overload  was  simulated  to  the  relay  by  using  special  current 
transformers  on  the  load  lines. 

When  the  relay  is  set  to  operate  in  the  8+2  minutes  at  130  percent 
load,  it  will  release  the  load  when  running  for  long  periods  at 
100%  load  (150  KW). 

The  data  from  the  long  term  frequency  and  voltage  stability  test, 
at  125°F,  per  PD#20  (608.2),  tabulated  on  Addendum  B,  page  7, 
indicate  a  maximum  long  term  bandwidth  of  .56  volts  or  .47  percent 
of  rated  phase-to-neutral  voltage  (120V).  This  is  within  the 
required  limits. 

The  data  from  the  DC  control  test  at  125°F  per  PD#37,  MIL-STD-705B , 
method  655. 1,  did  not  indicate  any  operating  difficulties  (except 
those  described  in  Test  History  due  to  diode  problems)  or  any 
voltage  spikes  during  operation  with,  or  without  batteries  con¬ 
nected.  Incomplete  hand  data  prevented  analysis  of  the  DC 
current  and  voltage  relationships  during  this  test. 

On  the  run,  shutdown,  and  restart  test  per  MIL  STD  705B,  method 
710.1,  the  unit  completed  the  test  without  any  difficulties. 

As  expected,  the  shutdown,  from  rated  load  condition,  caused 
more  severe  overspeed  due  to  the  high  residual  temperature  in 
the  regenerators.  This  overspeed  reached  about  (off  the  chart 
scale)  460  Hz  or  115  percent  speed.  The  restart  required  about 
23.7  seconds  to  reach  100  percent  speed. 

The  circuits  interrupter-overvoltage  and  undervoltage  test,  at 
125°F,  per  PD#26  (512.3),  provided  the  following  operating  times: 

1.  Overvoltage  step  applications  from  208  volts  to  271-272 
volts  resulted  in  the  overvoltage  relay  opening  at  .170, 

.182  and  .171  seconds  on  three  tests.  Two  of  these  are 
slightly  faster  than  the  .20+. 02  second  limits. 

2.  Undervoltage  steps  from  208  volts  to  161  volts  resulted  in 
the  main  circuit  interrupter  (CB5)  opening  after  2.840, 

2.840  and  2.843  seconds  on  tnree  (3)  tests.  These  values 
were  within  the  3+1  second  limit. 


r 
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Enclosure  AD5210-00011  contains  the  data  from  the  battery  charging 
test  at  125°F  per  PD  paragraph  4.4.1.  The  battery  charging 
alternator  was  damaged  during  the  test  and  was  replaced  before  the 
minimum  voltage  portion  of  the  test.  As  may  be  seen  from  the 
enclosure,  the  minimum  voltage  adjustable  was  27.9  volts  at  3  amps 
The  curve  for  the  minimum  voltage  setting  on  the  replacement  alter 
nator  did  not  have  the  same  characteristics  as  the  unit  that 
had  been  damaged.  A  short  time  short  circuit  was  applied  across 
the  alternator  without  damage.  Current  limiting  was  not  checked. 

Page  8  of  Addendum  B  contains  the  data  from  the  voltage  dip  and 
rise  test  at  125°F  per  PD#24  (619.2).  These  data  show  that  all 
voltage  dips  and  rises  were  within  the  IS  percent  limit,  but 
the  percent  rise  values,  during  load  dump,  were  as  high  as  14.9 
percent,  which  is  very  marginal.  Recovery  times  were  very  fast 
with  a  maximum  time  of  .0925  seconds  which  is  .26  percent  of  the 
.35  second  limit. 

Enclosures  AD5210-00012  and  AD5210-00013  contain  the  basic  engine 
and  gen  set  parameters  during  the  voltage  and  frequency  drift 
test  per  PD#19  and  paragraph  4.4.5.  This  test  was  run  with  end 
points  at  81°F  and  21°F.  The  data  from  the  above  referenced  en¬ 
closures  show  the  following: 

1.  Power,  regulated  voltage, oil  temperature,  generator  cooling 
air  differential  temperature  (AT)  and  generator  set 
cooling  air  differential  temperature  experienced  only  minor 
changes . 

2.  T4  dropped  from  about  1670°F  to  about  1440°F  or  3.83  degrees 
for  each  degree  reduction  in  inlet  temperature. 

3.  Frequency  increased  about  1.7  Hz  (.43%)  while  the  generator 
set  instrument  Indicated  a  decrease  of  2  Hz  (0.5%).  The 
allowable  limit  for  drift  was  3.0  percent. 

4.  Engine  exhaust  temperature  decreased  from  545°F  to  470°F  or 
1.25°F  per  degree  of  inlet  temperature  change. 

5.  Exciter  voltage  decreased  1.16  volts  (15.83%). 

6.  Exciter  current  decreased  .10  amps  (4.35%). 

Page  one  (1)  of  Addendum  C  comprises  the  test  results  of  the 
regulator  range  test  at  5,000  ft.  altitude  and  107°F  per  PD#29 
(511.1).  These  data  again  show  the  regulation,  based  on  data 
from  the  Standard  Instrument,  is  well  below  limits  with  a 
maximum  value  (at  219  volts)  of  0.71  percent.  The  T.I. 
recorder  indicates  a  maximum  regulation  error  of  2.40  percent  at 
197  volts. 
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The  test  results  from  the  frequency  and  voltage  regulation, 
stability  and  transient  response  test  at  5,000  ft.  altitude  and 
107°F  per  PD#17  (608.1)  are  tabulated  on  pages  2  and  3  of 
Addendum  C.  These  data  indicate  the  following  parameters 
were  out  of  limits: 

1.  Unload  overshoot  on  frequency  at  75  and  100  percent  load 
dumps. 

2.  Unload  recovery  time  on  frequency  at  all  loads  but  25 
percent. 

3.  Load  recovery  time  on  frequency  at  100  percent  load. 

4.  Voltage  regulation  during  all  load  changes  except  25  percent 
load.  Note  the  differences  in  instruments  reported  in 
discussion  of  voltage  regulator  range  test  above. 

5.  Unload  recovery  time  on  voltage  from  100  percent  load. 

Addendum  C  (pages  4  and  5)  contains  the  results  of  the  Indicating 
Instrument  test,  at  5,000  ft.  and  107°F  per  PD#27  (513.1). 

The  instruments  in  the  generator  set  were  within  limits  compared 
with  the  Standard  Instrument  except  for  readout  of  voltage  as 
follows: 

1.  Phase  3-1  voltage  at  all  tested  speeds  with  75  and  100  percent 
load  were  out  of  limits. 

2.  Phase  1-2  voltage  was  out  of  limits  at  75  percent  load  and 
388  Hz. 

3.  Phase  2-3  voltage  was  out  of  limits  at  100  percent  load  with 
400  and  412  Hz  speeds. 

In  addition,  the  rated  load,  288  Hz  condition  could  not  be  run 
because  of  high  operating  temperatures. 

Testing  at  8,000  feet  altitude  and  95°F  was  initiated  7/20/79  and 
completed  7/21/79.  The  test  results  from  the  Indicating  Instrument 
test  at  8,000  Ft.  and  95°F  per  PD#27  (513.1)  are  tabulated  on  pages 
1  and  2  of  Addendum  D.  Again,  the  rated  power  (138  KW  could  not 
be  run  at  388  Hz  due  to  high  T6  temperatures.  The  remaining  data 
indicate  that  the  gen  set  instruments  agreed  with  the  Standard 
Instrument  except  on  voltage  phase  3-1  at  all  speeds  with  75 
percent  and  rated  load  and  phase  2-3  voltage  at  both  speeds  with 
rated  load. 


NOTE:  In  all  tests  at  8,000  ft.  and  95°F,  where  rated  load  is 

137.5  KW,  the  part  power  points  were  run  at  25,  50  or  75  percent 
of  150  KW. 
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The  test  results  o f  the  regulator  range  test  at  8,000  ft. 
altitude  and  95  F  per  PD#29  (511.1)  are  displayed  on  page  3 
of  Addendum  D.  As  in  the  tests  at  other  conditions,  the  data 
from  the  Standard  Instrument  indicate  all  regulation  is  well 
within  the  1  percent  limit  (.35  percent  max  at  197  volts) 
while  the  T.I.  recorder  indicates  values  as  high  as  2.18  percent. 

The  attached  pages  4  and  5  of  Addendum  D  contain  the  test  results 
of  the  frequency  and  voltage  regulation,  stability  and  transient 
response  test  at  8,000  ft.  and  95°F  per  PD#17  (608.1).  The 
following  conditions  were  out  of  limits  (this  prototype  unit  is 
not  contractually  required  to  meet  frequency  overshoot,  undershoot 
and  recovery  times) : 

1.  Frequency  overshoot  was  out  of  limits  when  unloading  from 
75  percent  or  rated  load  (138  KW). 

2.  Frequency  recovery  time  was  out  of  limits  for  50  and  75 
percent  loads  and  for  rated  load  (138  KW). 

3.  Voltage  regulation,  based  on  the  T.I.  recorder  data,  was 
out  of  limits  at  75  percent  and  rated  (138  KW)  load. 

The  overtemperature  safety  device  test  at  125°F  per  PD#40  (515.2A) 
resulted  in  174  KW  and  2020°F  T4  at  the  time  of  the  overtemperature 
shutdown.  The  engine  actually  decelerated  along  an  acceleration 
fuel  schedule  until  an  underfrequency  relay  trip  dropped  the  load. 
At  about  this  same  time,  the  O.T.  shutdown  occurred. 

The  gasifier  pinion  bearing  failure  and  the  various  problems  during 
the  early  start  attempts  at  -25°F  chamber  soak  temperatures  are 
documented  in  the  Test  History.  The  special  tests  resumed  9/7/79 
on  the  -25°F  cold  test. 

The  fire-up  and  loading  to  150  KW  within  one  minute  with  -25°F 
temperatures  did  not  present  any  problem  following  the  installation 
of  the  clutch  cooling  oil  reduction  plug. 

The  first  special  test  at  -25°F  was  the  regulator  range  test  per 
PD#29.  Addendum  E,  page  1  contains  the  results  of  this  test 
at  -25°F  per  PD#29  (511.1).  As  in  the  other  regulator  range  tests, 
the  data  from  the  Standard  Instrument  and  the  T.I.  recorder 
disagree.  The  unit  meets  all  requirements  based  on  data  from  the 
"Standard  Instrument"  which  measured  a  maximum  regulation  of  .260 
percent  at  197  volts. 


79D87 
Page  29 


Addendum  E  pages  2  and  3  show  the  results  of  the  frequency  and 
voltage  regulation,  stability  and  transient  response  test  at 
-25°F  per  PD#17  (608.1).  These  data  indicate  that  the  only  para¬ 
meter  ou;  of  limits  was  voltage  regulation,  based  on  the  T.I. 
recorder  results. 

On  the  Indicating  Instrument  test,at  -25°F/per  PD#27  (513.1),  the 
phase  3-1  voltage  was  out  of  limits  at  all  conditions  except 
388  and  412  Hz  with  zero  load.  All  voltage  readings  were  out 
of  limits  at  100  percent  load  and  phase  2-3  voltage  was  out  of 
limits  at  zero  load.  These  data  are  tabulated  on  pages  4  and  5 
of  Addendum  E. 

The  remaining  environmental  testing  through  the  engine  failure 
on  the  -50°  cold  test  are  reported  in  Test  History,  The  engine 
performance,  during  the  check  run,  is  plotted  on  Enclosure 
AD52 10-000 14. 

All  line  recordings  and  hand  data  are  filed  with  the  test  folders 
under  ED05210-01,  P568-06. 


fi'02>erAJT>U  n  E 
-2S°  F  COLDT’E'ST' 

Sji  .  I  ffizirOL  ato  k.  ‘fcnxac-  hnr  @  -2 if®  F 

^og  V  -  St0«1D0£D  *  Uhl  2  !±LL  =.  0,2  V 7/Z 

I.Z1T 


TT  ©TCO  «?<?/€  -  12?. o  -  / .  2.3  2?% 

I  .2  /  S' 

*OV  St&aJO /?*D  -  yg7.T~/2  7.Z  =  0.231/1 

A  2  22, 


"ZT -  ize  z  12JL3L.  *.  a. 2 

/.ZS  2. 


a  *4z  V  Sr/stAjD0ftt>  s  jtVjJ  ~/VQ»?_  i  ^.2^^ 

A  Vo* 

TT  Rjmo  Kp\T<z  =  /Ui»  13*1  _  a  j  yy  % 
'971/  -  ii£*Sj_jjSTL  *  0*Z6C&> 

A/aT  2_ 

73" &Co*P<FZ  »  A±T,  7  -  X/  ?,  ,  jp.SJ/1 

/</  3 

ATiAJ  \JouTf*4G-  1 04  .V-  1/ 


17 


608.1 


Li^jrs 

AJtZ6U6rS&£F' 


A  D D  S'A/ V 1/S7  £  P*<?c_2. 

-25°  Cold  7?t t 

FREQUENCY  AND  VOLTAGE  REGULATION  STABILITY 
(SHORT  TERM)  AND  TUANS’ TENT  RESPONSE  (MAY  VALUE  S) 

£&£&2ZN£  )L  ,  VOL  TUz£- 

B A  ND  WIDTH  ®  LOAD 
NO  LORO 

Regulation 

UNLOAD  OVERSHOOT 


RECOVERY  TIME 
LOAD  UNDERSHOOT 
RECOVERY  TM£ 

full  load  rdgs _ 


bam D  Vvi  IDTH  LOA  D 
MO  I.O0D 
REG  UL  ATI  OH 
UNLOAD  OVERSHOOT 
RECOVERY  TinE 
LOAD  UNDERSHOOT 
RECOVERY  Tine 

3//  LOAD  READING-: _ _ 


BAND  WIDTH  ©  LOAD 
MO  LOAD 
REGULATION 

unload  overshoot 
recovery  line 

LOAD  UNDERSHOOT 

recovery  vine 


Vz  LOAD  READ  I NGS _ 


BAND  WIDTH  ®  LOAD 
MO  i  .cf)  D 
REGULAT/OW 
UNLOAD  OVERSHOOT 

recovery  nne 

LOAD  UNDERSHOOT 
recovery  line 


AAfZr 


-MzZl 


tZ&k 


ulssc 


A/G~(t 

AJ£6l 

avgTt 

//£&. 

UPJSA. 

/joa. 


.s% 

L  % 

/  %  _ 

_ L%— 

u_.  % 

/  sec 

-JL 

J.Tfi 

/s<rn 

^3^"Si7C 

jV//T7t 

C/jZZ  %j 

3.ro%_ 

.  ULlsgc 

^2.4ses. 

.475% 

1.17% 

Jl23£C 

MEG. 


M£ZL 


MEk- 
uirfZ Zr_ 


•fit 


13.1 


1 


AjDDErA/DUrt  E~ 

-  JP3  °J=r  COLD  TEST 


PANEL  INSTRUMENTATION  jMSTguMEKAr  gggp g 

3U88Ne  (a>voa^c  Qj^ZdJ 


Li  WIT 


ZERO  LOAD  - 
FREQUENCY 
VOLTAGE  1-2 

2- 3 

3- 1 

CURRENT  1 
2 
3 

2SJ£lOAD-KW 


KW  -F2. 


±Ji_ 

-1.3 


±L 


-H 


FREQUENCY  ±jj_ 
VOLTAGE  1-2  H.  L 

-zlA. 
±S_ 
-.3 
+33 


2- 3 

3- 1 

CURRENT  1 
2 
3 

,5056  LOAD- KW 


VOLTAGE  1-2 

2- 3 

3- 1 

CURRENT  1 
2 


FREQUENCY  +1,1 


-/,r 

±j 

zU 

j&r. 

nLJa. 


+  Z.  +  1 .  — 


jK  7  /  ±3/fe 

-L  4  — 3 


-1.2 


-Ml 


+23 

+.<? 


■fl 


ti.SW 

±/o,M 


±L  ±/o.v/i 


+o./ 


+2/j>  ±3*» 


-iw  -i.r 


1 1.54  V' 


►  (d 

-4 

±I.SbV 

£2? 

<££?> 

±  i.SLV 

-2.V 

tM4 

L/o.«m 

+..4 

+L+ 

Ljo.</4 

“7 

~2_ 

i/o.v/j 

1-3.  W 

+3-6 

— 

+J 

“  / 

-  3  Hi 

-/.W 

-l.V 

±l.5bV 

-vft 

+.2 

±1. 54/ 

±1.54/ 

-1.2 

-1.1 

±/0.<M 

+2.2L 

ti.Si 

±/O.MA 

-.2 

-3 

f /0.W 

3 


-VtDDEMDOrt 

-ZS°F  COLD  TEST 

75%  LOAD- KW 
FREQUENCY 
VOLTAGE  1-2 

2- 3 

3- 1 

CURRENT  1 
2 
3 

100%  LOAD-KW 
FREQUENCY 
VOLTAGE  1-2 

2- 3 

3- 1 

CURRENT  1 


£  Ftye  S 

^uszzaa£jUE£js£e£. 


(&368J* 

-f )  i  V 

+  1.7 

+1-8 

—  —  ■ 

+  .1 

0 

-3 

£3Jl±- 

-1.3 

.  "A* 

-u 

±LSky_ 

-.1 

-4 

ii.slV 

<z±°)  £y)  Ji fM. 


-Z>L 

-3. 

-9.7. 

+/O.U/J 

+3.  V 

+3.4 

+  3.^ 

ivo.vtf 

-M 

-.2 

H.o 

±jo.<jA 

+•?.?  +3.-Z.  -t3.7  — 

-  .w  -,9  I 


±I.SLV 

+/.SW 

fzTh 

(-M)  ^2^1 

+  I.S4V 

.tAL. 

-5.  -V. 

±10, QA 

2 


/l  DDBhiDUW 


OEPT  NO. 


« 


27 


.AvvETKiDun  A 


ft _L 


_ Jl S'? As t rtx  //? /t/  fondiA/ons 

513.1  PANEL  INSTRUMENTATION  |USTB1)tlBUr 

E"/2Eoe 

7j  yoj,re 

C  //-V// 

LmiT 

ZERO  LOAD  -  KW 

*  l  -0 

4  I-? 

4  L9 

— 

FREQUENCY 

4  Z 

4  Z. 

4-  Z 

±3 //a 

VOLTAGE  1-2 

4Q.<b 

-Q6 

±I.SbV 

2-3 

^D-G. 

-0.6 

-a.  5 

H.3GV 

3-1 

-+0.3 

4  0^ 

4  O.Z 

t/.SbV 

CURRENT  1 

4  2- 

4  Z 

4  l 

±  JO.*/ A 

2 

4  Z 

4  Z 

4  \ 

f/ay/? 

3 

4  Z- 

4*  Z 

4  1 

±/C.*JA 

£52 LOAD -KW 

1  3 

+  3 

43-1 

— 

FREQUENCY 

4  z. 

4  1 

4  1 

1 3  ri* 

VOLTAGE  1-2 

-OT] 

"0-3 

±1.  5b’/ 

2-3 

-0.4- 

-03 

-  0.4- 

±).SbV 

3-1 

-  a  7 

-Q& 

-  0.7 

i  i.sbV 

CURRENT  1 

-0.5- 

-O.S) 

-  1 

±IQMA 

2 

4  1.2- 

±2^. 

4  1.  ( 

±io.qA 

3 

7  0.1 

-0.1 

-  0.4- 

liOMA 

50%  LOAD-  KW 

■isd. 

JZ£> 

±33 

— 

FREQUENCY 

4  2. 

o 

4  | 

±3  Hi 

VOLTAGE  1-2 

-_Ol4 

-0.3 

tt.SbV 

2-3 

-vj.z- 

40.2. 

-O.Z 

±l.5b\J 

3-1 

-Ofc  . 

403 

±1.5  <oV 

CURRENT  1 

>+rf 

-l.L 

-<3.k 

±10.4  A 

2 

dAJ, 

+  3 

73.9 

±JO.<4A 

-  CM  "0.6  -0.2. 


4/O.W 


3 


f>DD£-A/DlJrt  A 

n/9? Jfjtn-/  //)/et  fcjicZ/V/o/js 

dtsn&r^rs-Asr 


Pa,tfe.  Z 


75%  LOAD*  KW 
FREQUENCY 
VOLTAGE  1-2 


CURRENT  1 


100%  LOAD-KW 
FREQUENCY 


VOLTAGE  1-2 


CURRENT  1 


®388/V*  QigaSt 

±£A  ±  — 

UL  _±Z_  —LA  *3** 


-z.< 


-  o.c 


-2.2.  -zn 

+4J.  _jLS 


-0.2- 


-1.2- 


±Li_ 

z^S? 

zZ£> 

jL£_ 

^£>•9 


i_jSLV 
t  J,5A/ 
tjoMR 

±)C.QQ 


±23  -  -.ZZ 

*V  2_  - 


±LIUL 

±L$W 


*  I.SfcV 


_ 

-  ±J0.4A 


fit-fe  / 


1. 


/tDDSA/VC/s?  3 

+-)7S r*F  OFfic/rl  "Hr zt, 

F&G-Qve-McY  Adjust  Igst.  *R<rSvc“TV  C&U-Z  A  fcvo 


Bg.U3H  - 


str'Bu. 

SpgtTD 

M/a4  S?e\TD 


7TJ 


STAB  lL»t4T© 
S/*en> 
AT/as  Ssnro 


I'OftS’TTTC  /kjST^MGNT 
PJflNU  <*0O  H* 

<*/  i  H* 


3-^*1  H*j  I'Joo  -  ISSD'T^  /**$ 
^0^  *>  lbs* J*T4. 

2oooVi**r4. 

Tip  SHQTliOuiN/ 

VOOtZ/^i  t  «/ZZ  ✓ 

V//<  *  /l  Z  *  C-/U 

3?t  Mt  -  2./Z?  s  c.-as- 
ZL  £J&lZLZ2a&*Li 

S(=T 

-  2.556  ;48.  *©£/✓£ 

-  1 4  4,  wi/zt 


/</©/-  o*r*/*<r& 


15<2'cA\jse  op  oVirifTFMPee fvtu  e.15  v ajDicrt7W 
TH-C  F-^7^(J(fKCCy  pDiCTZOM  COUcO 

Aier  Be-  com pl£-7ito  at  ize*f  cir  amd  is©  100 
©•&  PF.  At-i^  -  Pip*  i“nr-f  (TWT"  u3A-i 

**J/  /V*  /aAST<T/90  op  *35€T/ie.ffT>  ^JZ?lb  (+  3%) 

PCrTP  P„T>.  $.S*  II.  £.  S(52r  /AID  tZPTJKiG 

l uymvngTKiT  t nrf-limHB  tTi^.2)  po£  addj- 
T7CAJAC  P2P^OirJUcy  A^jOirr^GTjT  -nfZTZ  AT 
A"CC  CO  3 


Aio  Lop»t>  Ea3~S4Jlts 

T3&0SW  5rATSlU2(TD  -  358H2 

A7*X  -  V-o<l  Hi 

pJ/w  Sp(?TP  '  378H* 

"TT X  Stw'biuz^  -  yb/  tfi 

riAx  Jpinrt>  -  yy/.V/^ 

PTiM  -  32Z.Z//& 

PlffcSTB'ff  MST^rtCVjT  AlST/g  '  Sg~  T 

pJAMOAV.  “DATA  £OGr  JJTV  ^OOA/f,  <ACZt+t 

SPflTD  -  £&&  1ST  ill  Hi* 

M  1*4  S  P<m>  -  ep&jS't  3ft0H«.  3©TH« 


AoT>BhJi>urt  3  1 

jeiTlrVLWTo*  TZnuuis  "Ttst  #t  \ZS*F  Cit 

I st  TIsit  *Poe  to  boa itiru  Gr£oo<o 

w  i  tt~9-  cfl-o;  /Ai6  u'eLT7a>&i<r 

Limr  -  )  %  c^&.  vs.*') 

7T.T  yerrucn.  izg.y  -  )?_Ll  -  zjz.  %. 

/A2-Ki 

fi?x)4,  yfeB-zw^  _izz,o  -  m.v  -  #V)>. 

/JZO' 

3  2*  w. 

T.r  »  i 2-g.g  „.  |  >% 

tih 

nwTr?(,?%i.  »7*-n0  jzvz  -  131%,  4  ?« 


*  Z  </Z  ]/ 

T.x.  mu  -  m>.3  .  ),<))% 

/.<hs 


J*)iev*nr*  (tvt.nz'iis)  mo, 7  z  LH SiS  *■  0 ,  V?  % 

Kuo  3 


;*7  1/ 

T.r  LLSLn  US-  *  5.4/% 

h/$ 

n&57ir*(*Mrm*Tti2J£j.  /I£j1  o>1$% 

/.irs 


Mltu  l/*LT#tr6  -  JBDCr  J?L. 


T.T  lQfcl/  C-*J, 
Mfrvnrc.  a/o  &e‘fiizjK($. 


2 


’13.1 


/?DD£-AJZ><//7  3  Pa~ye  V 

paust.  JusTizune-faTATioAJ  ®  t  IZ£°F 

4USrX(/*7£Mr  G&JZQJZ— 

@3 £6,?*  Qfj&rtr  l/ATjr 


•{  0%  UJAJJ*&W 

FREQUENCY 

T4  *  ** 

+/.0 

T-4/*r 

o 

.  ZW— 

+  /. 

±3H*^ 

VOLTAGE  1-2 

-0,(0 

-O.Z 

-0.2 

-A  St  1/ 

2-3 

±LJ  _ 

+/J 

±AL- 

i/.SA/ 

3-1 

-/W 

(Zzd 

-/.</ 

*  /.sty 

CURRENT  1 

V  .V 

-3. 

-3.Z 

tioMA 

2 

+3.5 

++J 

+iCo 

t/O.UA 

3 

-/.l 

-/  z 

-03 

±JO.Qt 1 

100%  LOAD-KW 

-4<3 

-4. 

— 

FREQUENCY 

y/ 

+/. 

±3  Hi 

VOLTAGE  1-2 

—/  3 

-  z 

*J.gtV 

2-3 

§ 

+/.z 

+/.Z 

±/.SW 

3-1 

il.SfcV 

CURRENT  1 

$ 

-+.Z 

±10.QA 

2 

-  ^9 

-S-S3 

+<+.  7 

i  ICHA 

3 

^2. 

-2M 

±10.4A 

3 


/Idtde-ajdvj*)  3 

+  I25cF  CokJD  ITJOA1S. 


608.1  FREQUENCY  AND  VOLTAGE  REGULATION,  STABILITY 

(SHORT  TERM)  AND  TRANS  TENT  RESPONSE  (MAF  VALUE  S') 


J\J(TCr  *  A/etir  &&/££!:• 


LIMITS  BAND  WIDTH  @  LOAD 

NO  LOAD 

6/ste.  Regulation 

UNLOAD  OVERSHOOT 
RECCV£RYTIH£ 
LOAD  UNDERSHOOT 
RECOVERY  TIME 

FULL  LOAD  EDGS _ 

RAND  W  IDTH  LOAD 
NO  LOAD 

regulation 

UNLOAD  OVERSHOOT 
RECOVERY  TIME 
LOAD  UNDERSHOOT 
RECOVERY  Tine 


1 


,g£JL 


Jj'o 

I  % 

/  % 

.3  SS££t 

j  i'  ®y 


SJg. 


.3Czez. 

2^0 

.  Si>SeX. 


3// load  readings _ 

BAND  WIDTH  @  LOAD  ASe± 

NO  LOAD 

REGULATION  0/0% 

UNLOAD  OVERSHOOT  (^2.28>I) 
RECOVERY  TIME  (Z.tVsrc) 
LOAD  undershoot  ,V3*A 

RECOVERY  TIME  EL ’£*£?• 


AAT& 

AJtrtr 


.  jUOA 
,  J&sez 

^SXJL 


Vz  LOAD  READINGS _ 

BAND  WIDTH  @  LOAD 
NO  l.oAD 
REGULATION 
UNLOAD  overshoot 

RECOVERY  T/n E 
LOAD  UNDERSHOOT 
RECOVERY  1/ME 


AAr& 

.  J2SL&L 

♦ /  q3s 

t£2£2k 

.jSsfc 


-A/Z&- 


«  Q?Sf< 

_ o_  _ 


n 


Adds MDUM  B  P*}*  6 

■h  Cots*'**-*'* 

6&8J  P&e‘<pOGASCV  /9A/C  l/oi  7*&€  &*GCrL#7VOA/, 

ST48/1/  ry  J9A/D  7~J£/tA/S.  &rSRo*/SG  Crt*X  uxlosz) 


%  LOAD 


FULL  LOA $ 


READINGS _ _ 

BA MD  WIDTH®  LOAD 
Aio  lo  a  D 
REG  UL  ATI  0  M 
UNLOAD  OVERSHOOT 
Recover.'/  time 
LOAD  UNDER.  SHOOT 
RECOVER/  TIME 

READINGS _ _ _ 

BAND  WIDTH  ®  LOA  r> 
MO  (.0 AD 

Reg  ulatioki 
unload  overshoot 

RECOVER y  TIME 
LOAD  UNDERSHOOT 
RECOYERV  T/rtlr 


Atink. 

Aj!EZi. 

o 

o 

o 

Q 


ASEZt 

AsfrG- 

*£32* 

o 

c 

c~ 


—d&Zr. 


3.33 

.  iGSi^C 


a. 25% 


il^5i£C. 


/?£>Per*JZ>  u^7  S3  7 

^  ^  *ZZtZ2Z  £j££2±L£20L06  &AL&  ^2U02£OL 

_ xZ2L£LUZZ.  zzzzz _ 

zaaa=^ q  z.p>»  j> 

~Tj?/ace  uj/rry  cz>  ,&/£  6j/pat  ajz  *  -  3vV*^a$. 

it/W/A/  S’/Sv/e'r  7~rxr/'7  -  \ZcyJ  +  ‘1£2-»jq  »  /  z  V,  -?  V  / 

*■**  ft#/  ZA*f>/zr  7'JTSs'i  •-  j  2jo  v  +  >£Jd£-*  jp  *  IZy^-rU 

r  V  ^  J  # 

pjFr  *■  .  VJTi/ 

-"Tgftct?  u^yTH  ,~3^  1/ 
BPn/D  UilPTri  =■  .  J-Z  L/l 

;#-  /?r  T7~cs~?  e>A  7Z&*)ce 

XT?  /)T  j~t '■ /J  c T/Srie£ , 


L  OA/fr  r-tr&r?—  AJo  /Los?  L> 


*  M/aj  c  o/s6  Tziersl 

X#  A?#*  AOAS/r  7~l- A?/*}  - 


,1M 


s  ^  ^  +  ~5--  *  '  ~  * 


r  7-<nZ/“T  -  /l£>  /3Z>  G~7~5 


•/ 0  - 
P//*/*  r 

—  T/CtfCir  itijor# 


SZ  </,  ?<//■ 
/Z  X,2</  A 
.  fO  ts 


I  SffAJD  u-mry 


lHSI2D 
-  .V7% 


.07*> 


•#  /'I'M  -S MOyCr  77he>7  -  /24?  /  z  /Z/.6  9 1/ 

%"t  /'fstjr-  SM&er  7a~xr^r  *  AZo  /  •  /o  ^  /2  z.2  •£  / 

V>*ax  '  ,  u'4  u* 

—  T/ZSC&  60*07* 

^£*2  W*dt7+ 


~m  7L  i 


L  0o>/£.  7&7C/-1  -cost  Pis  0 


,C7T . 


*■  A7/ts  -  CGisG-  Tofrt  =  /‘ZjO'H-  7yv7  '/°  - 

rtfrX-C.OA/Q  Tmrt  -  /ZJQ\J  -h'1^.,/0 

~6if-p 

—  TTSMOTgjj  Dth 


=  ./6% 


/Z/  *  ?  ^ 
/ZZ,  26  ✓ 
o.i7/ 
,3<+tS 


#DD£‘A/C'iSfv 

J  2  o  C&a/o /rvc  a/s 


A/o  l/o4*T*964T  4*J*OseG  /oyfp/4^. 

&*7TT£)  tfiTSAf* 

/  O/0GSO  Mur'*#*' 

/0/A/  &*!*’-  /?*AZ  7200A/£s/T*/7~ 

0/% **S/V&£‘  -  S7^&'//££‘&,  i-0/?£&~£> 


rt  1TM0  3iTCT7  0  M 

Vajl 

yfe 

Vc 

J> 

L 
Vo 
%  Vo 

j&co/exy  77'ft? 


o 

/so.  3 
/SO- 
AS  2.0 


7 

/? 2. 3 
/SO. 
/ 2  2.0 
* 62 


L/rr/ri 


/S% 


.O&70S 


V AJi  ’  A/o  Load  U>um&e  ppte’X  / p^A/s/enur 
Vx  -  J£flrec>  \A>ct7?g<f 

Vl  -  Lo/tde-d  Vc<-7-/?&t?  TjknA/Si&x/r 

£.  -  Max  Penje-PP#*  /J/vp^tTuxe  l>oXiAA&  TTep/usanur 

A//.  -  /?/i/eanx&e  -  Sr/fS/az<ro  ,  A/o  /.c/90. 


Memo  sgc72*n 
Vajl 
Vx 
Vu 
£ 

A /L 
Vx/se 
%  Vase 

s&co/r^y  77i*r 

Vax* 

%  Vkj*- 


V 

/S2.3 

/SO. 

/SS.O 

3.37 

237 

/J/.77 


6>  8 

five, 

/SJ.V  /SO.  3 

/Z7.%1 

/SO.  /SO 

/ZO.O 

/22.0  /SS.O 

/22.0 

3.3  4  3.3? 

33  <0 

S.f^  x.j?' 

2.153 

/3J.23  /3M$ 

J39J* 

/V?o%>  /V.07% 

M3 2  % 

.09ZSSCC  .P92SSXC. 

A92Qi 

(K*VWy ml  , 
(Vzi*-Vl)'  100 /Viz 


/*% 


JWS} 


J<L<T<XUL 


£o£jL 


zjj.  t/ 


v' 


m 


v 

/<?*.* 


R  To  lv  /V  l°>  M  ^  L=~  l  fcTI  T  /B  /  >. 

L/w/7  /%  (pi>  s.s^y 


TX  J&nocTz  =  f7.Z.o  -  /n.T  -  j,o9/5 

in* 


rtfiirmt  DATA*  ^  g  ^  v  o.4?% 


/  _2T  /£<rs uun  - 


IS g.o  -^‘.3 
).zrs 


/.  7iT  ^ 


hltem  tflTR'- 
7 "£  ^irsucTi  s 


/  17.J  -  /Z7.0  _ 


A 2  70 


U),2  -  J^.O 

i.  3<?o 


o.7/% 


WRSTire  t>RTR. 


/yo.^  -  s4&jf 
/.**>? 


o.Z8% 


7 X  ?^.Cr3UcT^ 


lia',3-  JU.k 
l.lZlo 


rtfi-sre- jc  7><vr«  .*  ULXiLf-  //hS- 


e  o.ZQ>% 


/7/Ay  t/oL  t#6l-  /QSy^trz  C??? 

/  OC. 7  rot  7Z  C'/'?*s*rjO 


Payc  2i- 


/)  D D  E~A/ Z‘  C/S1  C 

SCOO  FT>  I  07  °F 


17  608.1  FREQUENCY  AND  VOLTAGE  REGULATION  STABILITY 


* 


(SHORT  TERM)  AND  TRANSIENT  RESPONSE  VAL UE 


NEGLIGIBLE" 

LIMITS  BAND  WIDTH  LOAD 

NO  l.OAJ) 

Regulation 

UNLOAD  O  VER  S  /  IOOT 
RECOVERY  TIME 
LOAD  UNDERSHOOT 

recoverv  l  ime 
full  load  rdgs _ 

gflWD  WIDTH  ®>  LOAD 


FRCQUCMC  v  \/ni  Tar-rCr 
.5%  /.  % 


-d£2L 

j  SEC. 

L  -ill 

JSd~C 


,3S  SEC 

.3  ^  S«7C 


A/O  L.O0D 
REG  (JL  ATJOA/ 
uwlcad  o\/£R5/ic;or 
RECOVER y  TIMS' 
LOAD  UNDERSHOOT 
RECOVER./  Tine 


—JSjsgl. 


3/v  LOAD 


READING _  ... _ 

SAND  WIDTH  ®  LOAD 
AID  LOAD 

Regulation 

UNLOAD  OVERSHOOT 
RECOVERY  11  nE 
load  undershoot 
RECOVERY  71  nE 


AJe& 


u.2jZsL 

.tJaPZZC 


ME&- 

a.7s£i 

-JZ22ML 
■  ,47ft 
JZZSL- 


Vz  LOAD 


READINGS^  .  _ 

BAND  WIDTH  ®  LOAD 
MO  l  .CAD 
REGU  LATJO  M 
UNLOAD  OVERSHOOT 

recovery  nne 

LOAD  UNDER  S  HOOT 
RECOVERY  I  /ME 


AJ(T6 


MT6. 


M&l : 


AJECi 
ME Xl 
MEG 


Pa.(f  eJ3- 


C/A7  C 

SOOO  FT,  IO  7  ®F 

17  (.Coun)  60 Q.l  FZZQOEHCV  flwo  RF6UL/Vno/V,  STABILITY 

Cshort  Tfcn)  /Jjur.  rp/wsieur  response  ( m x  mwgi) 


Vh  LOAD 


Full  loa  j) 


READIM6  5 _  _ 

BAMD  width  ^  LOAD 

•WO  i  .o  n  D 
REG  Ul  ATI O  KJ 

UKlLOAD  overshoot 
Recovery  time 
LOAD  UAJDER-SnOOT 
RECOVERY  it  me 

READIM6S _ 

BA  NAD  WIDTH  <«•  i.On  0 
WO  LOAD 
Efs  ULATIOAJ 
UWLOAD  0VGR5H007* 

Recovery  i  /mc* 

LOAD  UNDERSHOOT 
RECOVERY  T/ Ml? 


* 


jJ2JL2k 


MSA 
JAZZ f 
-uS3A 


A/tCr 


juira,. 


AZ&& 

C.Vl  StrcJ 

&£ZA 

j3GSGc 


513.1 


ffDDtTA/DUM  C 

SOOG  rT,  IGI'F 
PANEL  INSTRUMENTATION 


Pa^t  T  - 


ZERO  LOAD- 
FREQUENCY 


VOLTAGE  1-2 


KW  tl 

_Q_ 

-  --02. 

z_GLi^ 


VCJy^x 


CURRENT  1 


25 £ LOAD- KW 


FREQUENCY 


VOLTAGE  1-2 


CURRENT  1 


•M.  I 

zOA 


5o!6LOad-kw 


FREQUENCY  ■+ 


VOLTAGE  1-2 


CURRENT  1 


±o^ 

1Q3 

--I.6 
*  zn 
njQA 


■0,2.  -Q.' 

Q.' 

-Q.-3  -  05 


t  2-  _±_L 


l.OJ 


IAS. 

O 

..XL. 

=gj_ 

-i.T> 


-0.9  -l.z  -on  ±1QU* 


Uru  t 

±3 /Ye 
i  /.5'6  / 

±/avw 

_±/o.v*_ 

±3  //» 

tisbv 

±I.SbV 


-\.3 


I 


•t  0.2.  -fr  Z.  1 
iOJ  zlL  I 
jtJS  . 
■±.L  ±  I 

-VO, 4-  AQ,A  . 
±03  jv.a.i. 
-L4  -L4_ 


fjO.UX) 

±3  Hi 
±L5bV 
±).5fc/ 
±LS<oV 


I 


-  Q.g>  ±/0.4A 


-V3.Z  1AJ 

-v q.i  nz.  -/Q-^ 


SC'tC  FT 


1 


rfODEJUVCM 

107°  F 

75%  LOAD-KW 
FREQUENCY 
VOLTAGE  1-2 

2- 3 

3- 1 

CURRENT  1 
2 
3 

100%  LOAD-KW 
FREQUENCY 
VOLTAGE  1-2 

2- 3 

3- 1 

CURRENT  1 
2 


C  PcLCfe 


(^S66yVt  fertoSt  QV&Ml 
+Tft  ±A2-  j l33 


UUtJL. 


+0.1 

o 

+/.SL  1/ 

i/.5A^_ 

TtX” 

+  J.SfcZ 

3iT 

N^l 

±to.M 

-v  4,5 

-V  4.1 

+  5.1 

tjD.UA 

-  1.6 

“l,5_ 

+  0.5 

tjo.UA 

-4.0 

+  4J 

— 

+  |  . 

O 

±3Hi 

-0.1 

*4gUL 

1  *  J 

±/.SW 

p^K 

+  I.SLV 

•2^2- 

_tlP,q£_ 

+^.z 

+  5.5 

t\OHR_ 

zo£ 

-  2.0 

+I0.4A 

3 


Pcujt  1 


513.1 


-ADDFJJD  UM  D 

8000  FT,  95°F 

PANEL  INSTRUMENTATION 


geeoe 


'imjti 

un  it 

!R0  LOAD  -  KW 

♦  z. 

u 

+  2. 

— 

FREQUENCY 

o 

-1 

-  1 

±3*e 

VOLTAGE  1-2 

-0.5 

*+  0.4- 

±1.S(>V 

2-3 

Z.Q-.& 

zns 

-Q.-5- 

±/.S6V 

3-1 

—Q~L 

-on 

-Oft. 

tl.SQ/ 

CURRENT  1 

i  Z 

+ 1 

+  \ 

f.ruM 

2 

+  1 

•+  i 

+  \ 

-/QVW 

3 

i  l 

1 1 

+1  . 

■i/o.VA 

Iload-kw 

+5.3 

+  4.4- 

15  ,5 

— 

FREQUENCY 

O 

O 

-  1 

±3 

VOLTAGE  1-2 

zO-Z 

-o  z 

-0.7L 

ti.  SAl/ 

2-3 

-0.3 

I_Q3 

-  0.4 

tl.SbV 

3-1 

-  Cxi 

iQi» 

-O.G 

±  l.5(,V 

CURRENT  1 

=lO& 

-i.  l 

-0.-7 

±/o.<ja 

2 

+  l  -9 

i  Z 

±k&- 

f  JO.U/I 

3 

1  1.2. 

Q 

O  _ 

ilOMfi 

w 

1 

3 

o 

-3 

16.1 

+  4-9 

+  6 

— 

FREQUENCY 

O 

-1  . 

±3rt* 

VOLTAGE  1-2 

jLOJL 

1<?,2 

i-Q.3- 

tl.SbV 

2-3 

lO.ft 

.1Q& 

±1.  stv' 

3-1 

-l.“7 

-o-e> 

tl.SfaV 

CURRENT  1 


-0.0 


-U  ±10MA 


/fDD£~AJDUtf  £> 


(S//./?  70*  **<*&£■  7~&zr  /pr  Soso 

£j?*Z  39o  - 

0.//7/Z--  / %  C/*JZ  J>.S.jO 


72  &FS  UL7Z  -- 


/Z?.&  -  S2/-T 
/.Z/  J" 


7  ^"2 


Afjcrrx  22*&r  - 


A  zz 


€>-/(>% 


2/97  72  *&~3csl7I 


/ZK7  -  /ZJSS_ 
At7</ 


/J)% 


S7/PS7&C  22*s* 


/Z7C  -  SZ7.Z 
/.Z  7Z 


o,Si°A 


2727  7ZT  *trrc*e.7J  - 


/YS-y  -  /7/  3 
A  *73 


/S(> 


/<</-  o  r 

/.<4>7 


*  0,2/ 


/  ?  7TT  *£y&z-7j 


//  7.  3  ~  A'*'  / 
7/7/ 


AZ0Srsr,r  Z>/OA9  : 


/./x/ 


/7//V  i/6t.T#4rr 


7~y  0*J£?evirz>  (£-as.  ) 
A7J9SSS-*  /,  tC-AsJ 


s&zry 
sot '7 7. 


608.1 


A  D  D  £~A/ L'  l/rt  £> 

ecco  FT  flt-T, 

FREQUENCY  AND  VOLTAGE  REGULATION  STABILITY 


Payc  j£. 


( SUORT  TERM)  AND  TRANSIENT  RESPONSE  (HA*  VALUE  S') 


LIMITS  BA  ND  WIDTH  LOAD  .5% 

NO  LORD 

L*  Regulation 

UNLOAD  O  VER  5  HOOT  /_•£% 

RECOVERY  TIME  _Lsec 
LOAD  U  A4  D  (r  R  S I ICOT  IS jj 

RECOVERY  'vine  _  I S iT r 

full  load  rdgs _ 

BAND  \N  lOTH  <®>  LOAD  -  ^VcFZ 
no  l.oad  ■ 

REGULATION  Jl^A 

UNLOAD  OVERSHOOT  jf/40  \ 
RECOVERY  TIME  <37./LSg 

LOAD  UNDERSHOOT"  lIHI 

RECOVER.  /  TIKE  -f°>9 

3//  LOAD  READING _  _ 

C JIZ&*)  BAND  VJI  DTH  <8  LOAD  A/(r&. 

NO  LOAD  .  Q8fl^ 
REGULATION  .csV, 

UNLOAD  OVERSHOOT  <94.3*''*} 

RECOVERY  7 7 WE  CZ^OSsc] 
LOAD  UNDERSHOOT  lZj&Z 

RECOVERY  VI  WE  u£s£C 


.5% 


—l£%. 

-J-SZl 

/sec 


*AYCFZt 


ff/cVT) 

<rT/J(.$ez) 

.  Us% 

.9C -sec 


-J/Qi  IRjGxE.  . 

L% 

L  % 

_ /  % 

.35  sec 
.30  s«fg. 


A/(TOr 

A/eo 


.2  7S(TA 

-U.ZZ. 

.  j</sec 


AJetr 


.  cYSec 
Aoc  % 

A/lZZk 


Vz  LOAD  READ  I NGS _  _ _ 

ttsrru))  BAND  WIDTH  <»  LOAD 

MO  i.rflD 

REG  ULA  T/0  A/ 

unload  overshoot 
recovery  17HE 
LOAD  UNDERSHOOT 
RECOVERY  I7ME 


A/EZr 

AV/L ZL» 

Me’6 


_ MZ&. 


.  A/GTr, 

AJtr& 


JJ&5r 


PcL^eJiL 


17  (CDiuTO  toe '/ 


/Id  £>£-;«'£>  <sn  D 

8000  FT  Alt  ,  95*-f= 

frequency  flwo  vnnncxS  re auLfmon,  stability 
(short  Teen)  /»Jur>  rp/wsieur  Response  (max  values) 


A  LOAD 

CnTlcw 


I 

Full  log  J) 

I  C  i3<3*-0 


READlMGS  _ 

BfiMD  WIDTHS  LOAD  AJCC-, 

•MO  l.n/1D  _ _ 

REGULATION  _ 

UMLOA  0  OVERSHOOT _ 

Recovery  time _ 

LOAD  UHDER  SHOOT  ,  / 

RECOVER  Y  71  M£  W 

READIMGS _  _ 


AJ£&. 

AJITG 


BAIUO  VJJDT//  ®  f.on  0 
Aio  LO/10 

..  juQ  7  /h. 

-±3l*A. 

Sesol^t/oa; 

.y/2  >■ 

UMLOA  D  OVERSHOOT 

RECOVERY  If  MG’ 

(J£>.<TQ££Z> 

.avlSfr 

LOAD  UMDERSlimT 

-Jt££2L 

RECOVERY  ‘IVrtlf 

! 


VIBRATION  SIGNATURE 


/!  DSZto-  ooo/o 


//  oc?<?  ~o/?5(7 (/ 


ZJC  -  OOO  )3 


ENVIRONMENTAL  TEST  GENERATOR  SET,  S/N  0000003 


Mrtruoc 


ENVIRONMENTAL  TEST  GENERATOR  SET,  S/N  0000003.  350364 


ENV I RONMENT  Al  TEST 


1^,1 


5? 


tV,>.  ,i  ^;%'vYLk' 


-.V-* 


*  V  . 
:\-; 


+*♦«! 


-5(f F  COLD  TEST  BRG.  FAILURE,  GEN.  SET  #3,  ENG.  T3.  B.U.  7.  351423 


-50°F  COLD  TEST  BRG. FAILURE.  GEN.  SET  13,  ENG.T3.  B.U.7  351424 


-50PF  COLD  TEST  BRG.  FAILURE,  GEN.  SET  #3,  ENG. T3,  B.U.  7  351428 


-50°F  COLD  TEST  BRG.  FAILURE.  GEN.  SET  #3.  ENG. T3.  B.  U.  7.  351430 


■■  *» 


-50°F  COLD  TEST  BRG.  FAILURE,  GEN.  SET  #3,  ENG.T3,  B.U.7. 


351434 


AO* A 086  035  GENERAL  MOTORS  CORP  INDIANAPOLIS  IN  DETROIT  DIESEL  A—ETC  F/G  10/1 

ENVIRONMENTAL  AND  COLD  TESTS  ON  MOOEL  0*0*5003  OENERATOR  SET  SE— ETCtU) 
NOV  79  HE  GASTON  0*AK70-7*-C-012* 

UNCLASSIFIED  DDA-79D87  NL 


MICROCOPY  RtSOLUllC%  ltST  CHART 

NAIIONAt  HUKIAll  Ol  S I ANDANDS  1‘ltvl  A 


F  \ 


F  COLD  TEST  BRG  FAILURE,  GEN.  SET  *3,  ENG- T$|  #  7 


